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" INVESTIGATION OF INORGANIC SALTS FOR THE PURPOSE OF
USING THEM AS RIGH-TEMPERATURE LUBRIC ANTS

.
|
!
1
!

by
M, M, Fialko and A, I, Dintses

In recent years there has been a charp inocrease in the requirements with

relation to thermal and thermo-acid stadbility of lubricating materials, One
!

ih confronted with the problem of maintaining high lubricating quality and at

the same time oreating lubriocating materials which ars capable of functioning
' [N . - . .

at temperatures up to 600 or 800°C, 1In order to solve this problem much at-
;tontion is being given to research in the field of solid lubricants and films '
lobtlined from graphite, molybdenum sulfide, metal oxides [1-—3], etc, Pro-
;oeeaes have been developed for thermochemical troutment of friction surfaces,
‘pcrticﬁlarly sulfidation, where the ferrous alloys are treated with a mixture
1ot' salts in a bath with high temperatures (4, 5].

Judging by the data from the literature solid lubri'cants can work in the

air at a temperature olose to as high as 200°C, Bowever, there is a require~
i

ment for new liquid lubricating materials which are stable at high temperatures,
!

The principal adventage of a liquid lubricant lies .n the fact that it assures

!

removal of the heat from the friction surfaces and renewal of the lubricating

|
material in the area of the friction,

Lubricating cils on the busis of petroleum decompose at temperaturcs be~
low 200°C, Flement-organic, above all silicon-organic liquids are much more
stable, Fowever, their use also is limited to temperatures up to 300 or

?50 c, |

’ ~ phis project is devoted to the eoekim out among fusions of inorganioc

-
ults liquid lubricating materials vhich are capable of working up to 500‘0

v e

2Irmrga.uic salts possess high thermal ata‘bility, high boiling point, and good

Leat Gdnduotivity, It is not diff‘ioult to pick out salts or their eutectic
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JT??J#U;’féﬁil; at 500°C, In the integral of temparatures 200--500°C in the
Eliq%td state one finds mostly nitrates, nitrides, halidea, and bichromates,
'Ono'ugy point to the three-component mixiure of unitraies and nitrites of so~
;diul and potassium (nitrate-nitrite mixture) consisting of 53% KNO,, 40% Na0,,
and 7% by weight of NaNO4 [6--8], used am a heat conductor at industrial es—
%tabliahmontn [9]. The properties of inerganic salts as lubricating matériala
:hava been little studied, Some isolated reports are krown in which information
'1- to be found regarding moisture, corrosion aotion, and lubricating capacity
!ot fused salts [10--17], It is indicated that the corrosive action of fused
:sclto depends on traces of ions of hydrogen which are present in the fusion, .
G. V. Vinogradov [16] notes that in the friction of steel on steel fusions of
:rhodanidea behave like potrolouh 0oil with sulfur additions, “There are indi-
'cations as to the poasibility of the use of phosphates and phosphides as lu-

i
bricating materials (18, 19].
|

Methods of Tests The determination of the corrosive action of fused
I . 4
salts was done in a quartz test tubes (Fig, 1) placed in a thermostat. Into

| ’ 4 the tube the salt was put in which
; Fig, 1. Quarts test

after its fusion the plates of the

tube for determining

tested metal were fnserted, Puri~-
corrosion

Tied air was blown through the fusion,
{~=gectionj 2--air '

At the end o the test the salt was

inlet; 3=—air eutlet,

washed from the plates with water,
4--extensions for

4 ‘ and the water by alcohol, The
suspension of plates

| .. corrosion was determined by tho ohango
| .

- oo oo o o

o e oo w .- - o

13

6;

I

in the weight of the plates, For the oorrosion tests there were chosen th;
4 4

o
alloyeg steels EI347, RIK10, and 12KhN3A and the nickel alloys TskB-1082R (type.

imiconel Kh") and KiZhMts~2822,5-1,5 (type Monel metal), T
i ~~n§%r ovaluatine th./_hxllﬂlﬂﬂntﬂltéi‘th° batch tho aalt was kept at 2°°° “i
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iﬁ"‘dfya; Bﬁéo the bottom of which water was poured, The relativity humidity

| ! .
in the dryer amounted to about 90%. The palt before the experiment was dehy-
! i

4

‘drated at 20°C and a residual pressure of 5 mm on the Hg column, The orystal
;hydrltos woro.proliminnrily freed from the greater part of the cryatallitatioh‘
‘wator by heating at atmospherioc pressure, Afterward the salts were carefully
'pulvorilod, weighed, and placed in the dryer in porcelain boats, The hydro-
:-oopicity was determined by overweight expressed in weight percentages,

! The evaluation of the antiwear properties of the salts was dono1 on a
I

four-ball apparatusc with balls of the diameter of 12,7 mm made of silicon-

molybdenum steel, The salts were ground in a porcelain mortar and dehidrated
|
at 200°C and residual pressure of 5 mm on the Hg column, and up to the testing
f

were kept in the dryer,
|

|
|

action, The least agressive media of the investigated salts were the nitrates

Ragults of ihe Tasts The salt fusions differ sharply as to ocorrosive

Lnd the fluorides; the most corrosive were the chlorides and bromides, espe-
;ially the chlorides and brorides of heavy metals (iodides of heavy netals,
%hodanides, and othon/lels./unatable at 500° were not tested)., Fused salts
at S00°C break down asbestos in the course of 5 hours (exceptionu, K, Na,
;JN03) but proteo: raphite from oxydation by the oxygen of the water,

X /E!élﬂlﬂﬂnlﬂlhlﬁis an important characteristic of lubricating material,
$1th lengthy preservation of an article with lubrication material corrosion
;f the article is possible, The presence of water in the salts leads to

a sharp increase in the corrosion, The results of the obtainirng of hydroscop-

ioity of the salts are given in Table 2, The rate of absorption of moisture

———5

b = ’ i

é“ 1;P the laboratory of the All- Union Scientific Research Institute for the
. Processing of Petroleum and Gas and for the Production of Synthetio Liquid

Fuel “under the diraction of V. A, Listov and V A Markov.,
N ¢ A
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oy the eelta deoreeeee with time, The weakly hysroscopic salts (fluoride of
| !

:lith‘ium, bichromate of potassium) already in the first hours were completely
?eeturated with moisture, after which the absorption stopped, Salts with
"l‘xigh hygroscopicity were converted into watery solutions whioh absorb moisture

" ’from the air ocontinuing to increase in volume, It is interesting to note
jth&t the hygvomnopicity of of eutectic mixtures approaches that for the most
TABLE 1, Corresive sotion of Fuscd Salts ard Buteotio Mixtures (500°. 5 hr),

| _ _ Change in the Weight of the Plates, mg/cm2

i Salt or
| 21347 ' R9K10 {IMZhMts-28- ,Tek}- .} /12KnN3A
Euteotic Mixture -
i 2,5-1-5 Jo81R
- PR ap— . - e s . o '
K. hau.\o. X\O. 402 +0.4 404 0 0
RNO, = 06 H0.4 +04 0 0
NaNO, 40,5 0.4 0 0 ' 0
1\..\0 40,1 +0.5 0 0 o
hau\o, . +0.0 +0.4 +0.4 °o 0
LiNO, +0.z +0.4 04 +04° —~04
;K.Cr,O, 0(~—0.5)* 0 -0 ! ! ‘io .2)
K, Li, NayF +03 +0.2 0 , =01 o
:Li, Nall ¥, 8O, (;gg) 0 0 +0.1 0 (0).
" K, Li, NajCl (—g.g) —1.0(—0.) —-03 . —0. .6
—0. . -
" K, Na, Za"Cl (—!:.05) 56.6(_—0) -03 0 ' (—z)';)
' K, LitD 40 | —13 —05 ot o
| Cd, K.n Nrr I Br ( —osm —1,7{--04) -0.2 . .—0.1 (—0.4).

*Here and from here on by the designation of salt system one understands
tthe lowenst=fusible mixture of a given system,
| #%In the cases where the results obtained in the blowing of 2ir through
the salt are considerably different from the results obtained without blowing

i 4
the air through, two figures are shown in the table; the first relates to the

experiments with blowing the air and in ile remalning cases there is given the
;verage value of the corrosien.
. l* . i

hygroscopic component, The corresponding data are given in Table 3, »
o ;ge antifriction properties of salts (Figs, 2--5) are evaluated mainly at

room temperature, The high temperatures ard fusion of the salt influence the -
'
antiweu properties, however, the curves referring to ditferent temporatures

STOP hit 4F - o
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TABLE 2, Hygroscopicity of Some Salts and Their Butectic Mirtures

! I
Salt or Eutec- Increase in weight, % for
] i
tic Mixture 0.5 hr |1 hr 2 hr 3 hr | A44hr
.§No 016 ' 0.23 0.24 0.30 0,30
NaNd, 0,60 1.1 1.4 23 3.1
NaNO, ‘45 | 28 55 - 8.1 T
Kl N.INO.' Nm 1.5 209 5-‘ 802 000 '
KyCn0r oot 0.04 0.4 0,04 . 0,04
oL 007 , 0.10 0.40 0.10 0.40
. NaP 032 0.43 0.50 0,50 0,50+
1 KP 29 56 11 15 20 .
K. Li, Nay P Jd 24 47 85 12 16
LI, Nag ¥, 80, 0.80 14 25 34 48
NaCl 062 1.4 23 3.5 45
; cl 078 1.5 28 42 5.4
CiCl, 89 17 3 4 55
LiBe 49 2.0 15 22 23
NaBe, &1 5.4 9.0 13 16
KDBr 089 1.8 2.5 32 3.7
C4br, 068 1.4 2.0 3.4 4.0
K, L11Dr . 30 59 12 16 21
. Cd, K, NayBr 0.30 1.4 25 34 48

lpasa close to sach other (Fig. 2). The diveréenée in the results obtained
]
iin the investigation of chloride and bromide of lead and also the eutectic of

K-, Na-, and 2nCl at 20 and 250°C does not go beyond the error of experiment,
]
"rhoreroro in the graph there is plotted one curve for each of these salts,

'Of the number of salts studied the best antiwear properties are possessed by

|
,tho chlorides, bromides and tungstate of potassium, For comparison in Fig,
.3 there are shown the antiwear properties of the o0il M(~8 evaluated under the
|

‘tho same conditiona, All the chlorides investigated and the bromides surpass

in antiwear properties this petroleum oil,

1

’ The data presented show that there exist no ralts which possess all the
1

necessary properties for lubricating material, The salts with good antiwear

_characteristics have high corrosive action, and on the other hand the weakly
[

‘corrosive salts possess poor antiwear properties, The improvement in the

] alt

‘ , separate ckaracteristics of the salts by mixing them with other is
made difficult by the weak mutual solubility of the salts and because of the
b 3
undesirable interaction between the salts, Nevertheless for determined -
——- 2

,conditions of work it is possible to select lubricating materials on

i
[ ¢

-
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TABLE 3, Hygroscopioisy of Eutectic Salts and Their Components

) H
! [ -] [~] [+ =
¥ A &.” - vy & 51 he L 5
P @ 'ﬁ [ N " [ ® 'a [ ® E 0 © a 3
' [ - w
8o 8% 6o O™ H, 2® &, ™y, 3
wt Q a -t ® = wd ® = wd Q@ = ot ® =
P PO Mk ° PO RE L "R O Pe b P hz
g8 85 85,89 58589 98589 3358
433 guv'Hq 3315 R a3 <
Ca {NO,y), J2¢ KCl 5 KRCl 3 LiNOy 24 'K,SO. 0
NO, 0. LiCl 3 NaCl 451 NaNu, 341 ZnS0,  ho
LING, |2y NaCl $.3 ZuCly 20 FLILNadNOg22 IK,Zu;;S0,) 05
Ca. K, 2 K, Li, 33 Y ) 25 — ol I
LijNo, Na;Cl Zn | Cl
i
i u
f 2
~t
| e
\ 3
! i“
! »
I iu
gc.
; T
' u v

’ ) o [ w an
Noepysue, e

Fig, 2, Antiwear properties of nitr-ates Fig, 3. Antiwear properties of chlo=-
T1--x—, NaNO;, NO, at 20° C (powder); rides at 20°C

'2-!(-, NaNO;, NO, at 250° C (fusion); 1—~NaCl; 2--KCl; 3--K-, Na=, 2nCl;
’3-1(-, NaNOy, NO, at 500° C (fusion); 4=-FbClyy 5--MK-8,

;4-L1N03 at 20° C (powder). Legend: (1) diameter of the wear

Legend: (1) diameter of wear spot, mm spot, mm
i
t

a salt base, For example, in making use of lubricating materials, among them
fusions of salts, in antifriction bearings their antiwear properties deter—

mined on a four-ball apparatus, do not have decisive significance, At the

1

[P _5 R - - .
same time there may be great significance in this czse in their high thermal
i ma ; L

stabiljty. :

i * - .

. Conclusions A study has been madé‘of the corrosive action, hygroecopic‘:
|

propéi&y and antiwear property of a number of inorganios #8lts and their.mix-
‘. AN S " o
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A , , tures, The nitrates are much lesa

e s R

corrosive than the cklcrides and

bromides, By their hygroscopile

F R BT BT T R T quality thair eutectic mixtures
; come near to being the best hygro-
Fig. 4. Antiwear properties of bromides

\ scopio component, The best anti~
! at 20° C,

! wear properties among the salts
{=<K-, LiBry 2--CdBr,; 3--Cd, K-, NaBr;

| , ‘ . ‘ studied are had by the chlorides

'4=~PoBr,,
! and bromides, wnich exceed in this
Legend: (1) diameter of wear spot, mm
| rJT ) ’ . ‘ respect the mineral oil MK-~8,

I
References
1, Sei, Lub,, v, 11, No, 2,

1959, p. 11,
2, Soi, Lub,, v, 10, No, 12,

1958, p. 33.

‘ N w w ow ow u 3. Soi, Lud,, v, 9, No. 3,
Fig, 5, Antiwear propertiez of fluor-
! 1957, P, 36,
: ides, oufates, and tungstates
| 4, Barba, F,, Maching building

at 20° C {
. abroad, No. 2, 1959, P 89. %
1--LiFy 2--Ky, Li~-, NaFy 3-oK2W04; :
: 5., Marshall, L,, Mansell, S, J,, !
4--K2304; 5=-Li~, NaF, =80, ;
. Engineering, v, 181, 1956, p. 425, :

' 6. Voskressnskaya, N, X,, and Berul', S, I,, ZhNKh (journal of applied
;hemistry), V. 1, 1956, p. 1867,

.-"?' Freeman, E, S,, J, Am, Chem,, Soc,, v. 79, 1957, p. 838,

... 8, Freeman, E, S,, J, Phys, Chem,, v. 60, 1956, p. 1487.

-9, Kirst, W, E.,, Nagle, W, M,, and Castnsr, J, B,, Tranc, Amer. Inst,

:éiz:rﬁféngrs., V. 36, 1940, p. 371,

SO0 cif v

FTD-T"-631151/1 + 2 7




o
! i .
[ N T

. """"'16, Dantuma, R, S,, Z, anorg, ohem, [Journal of inorganic chemistry)

PV. {75, 1928, p. 2.

‘ 11, Gurovich, Ye, I, 2hPKh (journal of applied chemistry), v. 27, 1954,
:p. 425,

| 12, Gurovich, Ye, I,, and Shtokman, G, P, ZhPKh, v, 32, 1959, p. 2673.

1}, Kochegin, V, P,, Drushina, Ye¢, P,, Men'shenina, G, V,, and

!
s L ]
Asanovs, E, P., ZbPKh, v, 33, 1960, p. 1583,

'

14, Kochergin, V, P,, CGarpinenko, M, 3,, Skornyskova, 0, N,, and Minul~

|
" 1ina, M, Sh,, 2hPKh, v, 29, 1956, p. 1358,

{5, Gurovich, Ye, I, ZhPKh, v, 28, 1956, p. 1358,

16, Vinogradov, G, V,, Some new ways of cbtaining and investigating
%ov lubricating materials, Izd, Bronetankovoy Akademii (publishing office of
armored weapon acadsmy), Moscow, 1957,
| 17. Begborod'ko, M, D,, Vinogradov, G, V,, Pavlovskaya, N, G,, and Tsurkan,

1. G., Isv, AN, SSSR, otd, tekhn, nauk (bulletin of the academy of sciences of

the USSR, section of technical sciences), No, 12, 1958,

18. Graue, Schaiertechnik (lubrication technology), v. 7, 1960, p. 132,

19, Eitel, M,, and Siebert, W,, Pat, FRO (patent Federal Republic of

Germany), Ko..1032872, 12/11/58 RZhKhimiya, Ref. 15156P, 1960, !

b g
v
N
2 i
—

Tsroe e

FID-TM-63-1151/1 + 2 8,




e ) . e,

DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS  Nr. Copies

AFSC
SCFDD
bDC
TDBTL

HEADQUARTERS USAF TDBOP ‘
TDGS

APCIN-3D2 | AEDC
ARL (ARB) ‘ | A (sar

OTHER AGENCIES

CIA
NSA
DIA
AID
oT8
Y -
PWS
NASA
ARMY (FSTC)
NAVY
NAFEC

HEEEPWLWWHFDODDODNE O

RAND
AFCRL (CRILR)

FID-TT=63-1151/1+2




